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pregnancy, is characterized by physical and mental growth
retardation and craniofacial anomalies. Though motor and
sensory derangements and neurobehavioral deficits have been
reported in FAS, no specific changes in the brain and spinal
cord that could conclusively explain these neuronal defects
have been reported. The aim of this study was to investigate
effects of a single high dose of ethanol during early gestation
on the peripheral nerve. Chick embryos were exposed to 5%,
10% and 15% ethanol, and general growth and development,
and peripheral nerve of ethanol exposed embryos was
examined following full gestation. There was dose-dependent
reduction in body parameters in ethanol exposed chicks, and
significant prenatal mortality was observed in embryos
exposed to 15% ethanol. In majority of embryos that survived
exposure to 15% ethanol, features of myelin degeneration were
observed. No myelin degeneration was observed in embryos
exposed to 5% and 10% ethanol, and in the control groups,
thus demonstrating the direct toxic effects of a single high dose
of ethanol on developing embryos in general and peripheral
nerve in particular. This offers a possible explanation for some
of the neuronal disorders observed in FAS, particularly in the
light of a recent report describing significant impairment in
nerve conduction velocity and amplitude changes in peripheral
nerves in children exposed to alcohol during gestation.
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Despite the presence of homologous neuroblasts and
neurons in crustaceans and insects, we have observed
differences in ventral nerve cord formation among arthropods.
In both long and short germ insects and in some crustaceans,
commissural axon tracts are established prior to the long-
itudinals. However, in several branchiopod crustaceans, such as
the brine shrimp Artemia franciscana, we have noted that the
longitudinal axon tracts are pioneered prior to commissural
axon growth. To determine if changes in the expression of axon
guidance molecules may be responsible for such differences,
we cloned the Artemia franciscana netrin (afrnet) gene. An
antibody to the afrNet protein was generated and uncovered a
posterior domain of afrNet expression at the time when
longitudinal axons are established. Drosophila-like midline
expression of afrNet is detected at a later timepoint when
commissural axons are extending toward the midline. Our
afrNet antibody was found to cross-react to Netrin proteins in
other insect and crustacean species, a discovery that has
allowed us to study Netrin expression patterns across arthro-
pods. Our findings indicate that the changes in Netrin
expression patterns observed in Artemia are conserved among
branchiopods. However, in short germ insects and malacostra-
can crustaceans, axon guidance and Netrin expression is more
comparable to that of Drosophila.
doi:10.1016/j.ydbio.2006.04.278
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Selection on neurodevelopmental actions of thyroid
hormone underlies the conservation of thyroid hormone
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The mudpuppy (Necturus maculosus) is an obligate
pedomorphic amphibian. In metamorphosing amphibians
thyroid hormone (T3) induces tissue transformations by
binding to nuclear T3 receptors (TRs). Earlier work showed
that T3 treatment of adult Necturus failed to induce
metamorphosis. However, recent findings show that Necturus
TR genes encode fully functional TR proteins. Thus, natural
selection has maintained the structure and function of
Necturus TRs, suggesting that they play critical, as yet
undiscovered roles. We treated larval Necturus with T3 (200
nM) in the aquarium water and analyzed external morphology,
gene expression in brain and gill, and neural cell proliferation.
While T3 treatment caused whole organism metabolic effects
it failed to induce external morphological changes, consistent
with earlier work in adults. We analyzed by RT-PCR the
expression of TRh, a gene known to be autoinduced in
metamorphosing species. TRh mRNA was strongly induced
in Necturus larval brain, but not in gill. T3 treatment caused a
robust increase in the number of mitotic cells in Necturus
larval brain. Our findings support the hypothesis that
functional TRs have been maintained by natural selection
for essential neurodevelopmental actions of T3. By contrast,
larval organs such as the gill have lost responsiveness to T3,
perhaps due to the failure to upregulate TRs to a sufficient
level to support T3 action (supported by NSF grant
IBN0235401 to R.J.D.).
doi:10.1016/j.ydbio.2006.04.279
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Two different mating systems are adopted by Caenor-
habditis species, dioecy and androdioecy. For dioecious
species, finding a mating partner is an obligatory process for
survival. We have identified a sex-specific attractant pro-
duced by dioecious Caenorhabditis remanei females to
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attract their mating partners. We have characterized the
nature and the constituents of this sex pheromone-like
substance, the locale of its production, its perception
requirement and related sex pheromones produced by other
Caenorhabditis species. Two candidate chemicals in the
samples were defined, the exact identity of which will be
confirmed by chemical synthesis coupled with bioassays.
These attractants are produced by the gonad as confirmed by
laser microsurgery experiments. Their activity could be
abolished by mating with males. While perception of these
attractants could be observed in males of the androdioecious
C. elegans, the cellular and molecular perception pathway
was delineated by repeated testing of genetic mutants
affecting specific cells or molecular functions. Our results
show that two different sensory neurons and an interneuron
are required. Moreover, a GPCR mediated signaling pathway
subjected to intracellular modulation was defined to be
crucial for the pheromone perception. Hypothesis suggesting
a conservation of the pheromone perception pathway across
different species will be tested using chemo-attraction assay
on con-specific and hetero-specific combination of testing
animals. (The study was funded by Research Grant Council,
Hong Kong.)
doi:10.1016/j.ydbio.2006.04.280
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The American horseshoe crab (Limulus polyphemus) has
several sets of distinctly different eyes, including lateral
compound eyes, medial ocelli, ventral and rudimentary eyes.
While numerous anatomical, neurobiological and circadian
studies have been conducted on these eyes, little is know about
their developmental biology. A better characterization of the
development of these diverse Limulus eye morphologies will
enable comparisons both among these different eye types and
to those of other animals. To initiate research into the
developmental basis of horseshoe crab eye formation, we have
isolated Limulus homologues of the Pax6 and atonal genes.
Using in situ hybridization, the expression patterns of Limulus
Pax6 and atonal were compared to that of MyoIII, an
unconventional myosin present in all four eye types. Although
all Limulus eyes contain invertebrate rhadomeric-type opsins,
we were surprised to find that Pax6 and atonal expression is
mainly restricted to the forming dorso-lateral sense organs.
These studies will contribute to a better understanding of the
evolution of eye diversity.
doi:10.1016/j.ydbio.2006.04.281
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Having retained many ancestral body plan aspects, the red
flour beetle Tribolium castaneum is well positioned for
comparative analysis of development in reference to the highly
derived Drosophila. In the latter, six eye selector genes are
required for the gradual determination of the adult eye
primordium. Two of these, sine oculis (so) and eyes absent
(eya), have been found to be also essential for larval eye
development consistent with the shared evolutionary origin of
insect larval and adult eyes. Strikingly, the highly conserved
Pax-6 paralogs eyeless (ey) and twin of eyeless (toy) are
dispensable for larval eye formation in Drosophila. We
investigated the function of eya, so, ey and toy during larval
and adult eye development in Tribolium. In the adult eye,
systemic RNAi mediated knockdown of eya elicits complete
deletion of eyes. Strong perturbation of retinal patterning is
observed in so knockdown animals. Similar phenotypes are
observed for larval eye development consistent with the
Drosophila paradigm. Importantly, double knockdown of ey
and toy leads not only to patterning defects in the adult eye but
also loss of larval eyes revealing an essential requirement for
larval eye development unlike in Drosophila. These data indicate
that the gene network controlling larval eye development in
Tribolium retained a more ancestral organization than that in
Drosophila. Elucidating the genetic circuitry of Tribolium
embryonic visual system development will therefore be critical
for understanding of the evolution of insect eye development.
doi:10.1016/j.ydbio.2006.04.282
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nymphs mimics temporal dynamics of visual system
development in higher insects
Markus Friedrich 1, Ying Dong 2
1 Wayne State University, Detroit, MI, USA
2 UT Southwestern Medical Center, Dallas, TX, USA
The adult compound eye of primitive insects like grass-
hopper is the product of continuous differentiation initiated in
the embryo and persisting through juvenile development. The
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